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As man's perspective of the Universe has expanded, his own position. j

. within it 'has been shrinking, \e may now be at the threshold.of another
step in this 'anthropomorphic degradation., That this possibility has not
prevented man from pursuing the search speaks well, | think, for the species.

‘This search for extraterrestrial lifec has ar. obvious and compelling fascin-

ation for humanity. And if it iz _.cessf. . ..c d.scovery will have an

immeasurable impact on man ar  or Scourss 3T ‘ -g {:
it is necessary .. cef, -the icope .pd - ~ hod of-:arrying out = ;

such an investigation. Jitiir t.e definit’ n ot :(-Pe, Some [NSight inf.o p:

what life is, must o $0.ght. | alY sideste o8 requi\'w\avt’by stating

that we begin by -4...ng wne un.v ssality .7 caruon-basea chemistry in an =
aqueous environmepy . as essential ‘o a bio-q. cotil and unlece definitive {
evidence to the contrary is bt jped, we wil| hase no other ;.gn,pi cant

‘alternative, This i oNLy onc OF tne several :.aitations now mp;)sed on ok

the quest for life.

The planet Mars is s\nte_dto be the first extraterrestrial body to
be sampled for the existence «.. iife because it most nearlv ¢s:roaciies the
conditions found on the Earth. Leaunches can only be maﬁe whet Mang aﬁd
Carth are in opposition. Weight and energy restrictions requi. « vurther

thhot automated devices be light and rugged, be able to withstand high
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temperature of sterilization (135o c for 26 houfs) and the low temperatures
-and pressures of a space flight, plus the shock and vibrations of take~off
and landing. The instrumentation and telemetry power ﬁust be of the order

of a few watts. Thé device must be reliable, stable and be capable of very
great sensitivity in order to detect the broadest sﬁectrum of living organ-.
isms in the smallest numbers: Finally, it must be compatible with the flight
vehicle and provide unambiguous answers to simple and ciear-cut question$

which must be posed by the life assay program. These are formidable require=

s

ments but progress in meeting them is being made.
Several life detection systems are now under development, and they
are all based on the assay of properties possessed by microorganisms or

their metabolic products. These properties are:

“ Horgholng (microscopy unc: ‘isible and U.V. light)
Growth (changes in - = o curbia <y,
Metabolism (changes wuss . e, product;

Molecular struc: e (macromolecules, abundance ra:ios of atoms,

optical rotatory dispersicn, |.R. and microwave
spectrometry, gas chromatography)
Devices in an advanced stage of development include:
| The “Wolf Trap', a concer. of Professor wolf Vishniak (*. versity of
Rochester, New York), corsists of perhaps six culture mec. .. into which
dust inocula are introduced. Growth is then monitored by . photometer for
increase in turbidity, ‘and by electrodes to measure changes n pH.
”GuliiVef“, devised by Professor N. Horowitz (California Institute
of Techhology) and Dr. G. Levin (Resoﬁrces Research, Inc., Washington, D.C.),
- relies §h the detection of ré&ioactive gases produced by the microbial metab-

-1ism 6f'labelled substrates.. Clu -labelled carbon dioxide is evolved as



s result of a number of different metabolic reactions by a wide variety of
microorganisms incubated in a basic test medium devised for ''Gulliver''.

. L R b | .
This medium contains a combination of C] -Formate and C]A-Glucose which

supports the evolution of detectable levels of CO, by representative bac-

2

teria, both aerobs and anaerobs, streptomycetes, fungi and. algae within

" periods ranging from a few minutes to several hours.

o



Time will not permit an analysis of these and other devices now being
considered for automated life detection, but before proceeding with a de~
ta?led examination of our own conception, one othef approach deserves par;A
ticular emphasis:

It is perhaps nof an exaggeration to state that molecular spatial
essymetry is one of the fundamental and characteristic properties of matter
associated wi£h life. Unfortunately, measurement df dispersion and of |
other‘sﬁch optical properties does not now hold much promise for the detec-
tion of fhis‘inherent assymetry. What is needed here is a method of physical
or chemical amplification of this property. An illustration of such ampli=-
fication would be the initiation of selective crystallization of a Iafge
quantity of an enantiomorph by‘a very small seed cryﬁtal of the same material.,

No single exbe}ihent as presently envisaged is capable of providing
the necessary and sufficient conditfon for dgfinitive evidence of the exis-
tence of extraterrestrial life. It was in an attempt to meet the multiplé
exﬁeriment_requirement that ''Multivator'' was conceived. Multivator is a
small autoﬁaticfdevice which is desigﬁed to retrieve samples of surface dust
and ‘inject aliquots of it into fifteen modules. Each moduie is a small
'reactiohrchamber in which the‘necessary reagents are stored. Water is
"then iﬁtroduced into all modules simultaneously and the reactions allowed
to take place for a suitable period of time. Experimen;s and their controls
Care 50 dééigned‘as to be translated into a photometric assay, the light of
which is cbllected by a phdtomultiplier. These signals are then processed
and»telemetered‘back to Eéfth. A large number of photometric measurements
“can be visualized: »They include absorption at sélected-waQe-lengths,
fluoréscencé, ph05phoréscence, scattering, polarization, scinfillation.
Othervaésay methods which may also be suitable include conductimetry,»pH

measureiments, and signals from a variety of solid-state counters. The



design of all these experiments is compatible with the ljmitedvte]emetry
rate of abpgt one bit ﬁer Second fmposed by the power-distance ratio. The
detailed”diScussidn‘of “Multivafor” wiich follows wi]libe diQfded ?nté twb‘”
parts. ?Irgt; tEe device.and ifs operation, and sécqnd, the biologicél_

assays under -development for use with "Multivator' will beianalyzed.‘

"Multivator' - The device and its operation.

“r'lul'c‘I\(ator'.l has unaergohe a number of modffi;atiqns;‘.The:earjy_hodel 5
involving a rotating:cell‘systém, desfgned by the Jéf Propulsion Laboratory
in collaboration with members of our laboratory at Stanford Unfvekéify, h;gl
 had td bé‘abandoned because of greatly lowered weight and power limitations.
Subsequently, Mr. Lee Hundley of our laboratory,and the Jet Propulsion
Laboratory, independently of each other, but in mutual consultation, developedv
new designs to meet these restrictions. Mr. Hundley's design represented
a sharp departure from the original conception. it will now be discﬁssed
befqre we. report on a third design, now in pfeparation.

The basic assembly is shown in figure 1. This uni£ has a diameter of
2 1/2 inches, a length of 10 inches and weighs approximately one pound.

The heart ofvthe device.is shown in figure 2. Fifteen reaction chambers
are‘visible on tEe periphery of the disk. Twelve of these chambers are
connected to the manifold base of the dust aerosol loading tube by dis-
tributing channels. The other three chambers are dust-free controls. Note
that the channels enter the reaction chambers tangentially in order to imﬁart
a chlonic movement to the entering dust and later, to the water solvent.
Dust is tolleceed in the reaction chambers by an inert viscous material such
as silicone, and the residual gas.is exhausted via ports located on the

underside of the reaction chambers disk. This Systém'is then closed by a
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6.

SHut-off va1ve which seals the manifold basé of the aerosol tube, and by a
VSIight‘rotation of the teflon solvent ﬁylinder, as shown in figure 3. This
"Slfght.roﬁation uncovers the sblvent loading ports, leading to. all fifteen'
.feaction.chambe}s, and simultaneously feleases the spring loaded piston
wihich delivers solvent to ail chambers. When the piston bottoms, it shuts
oif and isolates.every reaétion chamber. The appropriate reactions are then
allowed to také place fpr suitable intervals of time. Photometric assay of
fluore#cenqe is then carried’oﬁt, in the current conception,'bQ sequentially
activating small lamps located at the lamp ports (figure 3). and-électrically.
attached to tﬁe lamp .connector fing (figure 1). The response from each

" chamber can fhen be meésurgd by the photomultiplfer and proéessed for tele~
metry. .Acffvating and rgsponse'Optical‘fiiters_are used to_reduée_the -
backgrouhd;iTIUMination. Thevprocéss of‘sequential bhotometrid reading

can be done as many timeé as necessary and feasible to detect changes as

a function of‘fime. Three‘éxperiments, with their appropriate controls

and variab]es,”can be programmed in the instrument.
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A thirdvquificatibn of 'Multivator', dubbed Mark 11, is currently
undcr‘déQeIOpﬁent at Stanford University by Professor John E. Arnold and
Hr. Alan R.‘Pitkanéh of the Mechanicél Engineering Department, in collab-
'oration with our Exobiology Taboratory. In this modified design, seals
are replaced by bellows and qonfrolled explosive charges (Squib charges)
‘carry out mechanical opgrations after the samples have been collected by
- the reaction chambers. These important changes have been designed to |
improve‘reiiability and~decréase power requirements. The overall size,
shape and'weight of.Mark [1 will be about the same as the earlier méde].
Mark 1 is shown diagrammatical}y in figure 4. After éjection from the
soft-landed capsule, ''"Multivator' is designéd to oriént itself in é vert=-
iéal'ppsitiqn‘by means of adjustable stabilizing tripod légs. "Multivator'
remains attached to the soft-landed capsule thrpugh an}eTectrical umbilical -
cord.

On a signal, the collection and aerosol-generating systems are acti-
vated and_dUSt”from thelsurface is blown into the chambars as shown in
Figure 5.. ‘The reaction chambers configuration remains unchanged froﬁ the;
earlier model, thus maintaining the very high.effiéfency‘of dust collectibn
achieved before (96%). A subsequent signal fires'tﬁe‘squib charge inside
the valvfné sectioa, causing expansion of the large ductile (hexagonal—cut)i
diephragm. This effectively seals the aerosol passages. Note also the -
be]loWs_seal at the upper section of the diagram (figure 5). Another quIb
charge is now fired into the upper chamber located between these bellows. -
The solvent stored below that chamber, now shown in figure 6 (upper diagram),
is injécted into the peripheral reaction chambers following the piercing of

the retaining diaphragm (lower diagram). This solvent-holding mechanism
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is inserted into the device as a self-contained, independent assembly.
Sca}lng of the fifteen injection ports is accomplished when the solvent
assembly piston reaches bottom,

Programmed biological reactions and measurements are then allowed to
take place in the manner described for the previous model. The data is
then telemetered from the soft-landed capsule to which “Mult{vator” is
attached. All assemblies shown here include a photomultiplier, with acti=-
vation 'achieved through the sequential firing Qf gas=discharge lamps. A
potehtfglly'superior method of activat}on; now under active development
in our laboratory, would involve the use of a Tlying=-spot scanner. An
exhagstive report of specifi@ations and performance of Mark Il is expected
to be made in due course.

Instrumentation of gfeater sophistication whiéh is to become more
.éppr0priate for later missions is being developed By Mr. Harrison Horn of
our labéfatory. This includes, in particulér,vthe use of video images
and microspéctrophotometry for life detection.

Ve now turn to the biological assay systems envisaged for 'Multivator',

Biological Assays for use with "Hultivator'.

Thg choice of experiments to be ?arriqd out with "Multivator'' is a
~difficult one to make, But cértain guide lines have been established by

: ProfesSor Joshua Lederberg and by‘Dr. Elliétt Levinthal for this project.

. They have concluded that the experimental 1imitatfons‘§rec1udé direct com-
i posItiohaT analeis of the 100 mg soil dust samples collected by the
reaction chambers. The réasonably expected abundance of living organisms
in these éoil,dust samples ('say 1,000 to 100,000 Bacteria) would contain

a Tew micrograms of DNA or protein. The detection of such minute amounts
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o7 spcciffcd materials would be a formidable problem with all resources

o7 an earthbound laboratory and would still leave many questions of defini-

tive identification unanswered., At this early stage of development, there-

fore, we are concentrating on functional tests such as assays for enzymatic

activity. Such tests, which involve admittedly riskier guesses, are capable

of

relatively high sensitivity and wuld thus significantly increase the
chances of detecting life if our premises turn out to be correct.

“"Multivator'' could be adapted to measure one of a number of parameters
éssociated with life functions. It is possible, for example, to synthesize
artificiai substrates which become fluorescent dpon hydrolysis. The func-
'tional group for such a reaction may’be chosen to match a particular en-
zymatic activity. Among these hydrolytic enzymes are the deaminases,
glycosidases, sulfatases, peptidases and phosphatases. The phosphatases
have received a great deal of attention in our laborétory and will be dis=~
cussed in greater detail lateér,

Dialysis membranes are impermeable to macromolecules. I1f such biolog=-
ical macrémolecules are synthesized with Carbon 14 and are subsequently
brokén down by enzymatié activity (depolymerases), the products permeate
across the membrane and their radioactivity can thén be observed by either
a scintillation counter or some other detector.

hHembranes can also be used for the selective diffusion of gases such
“as COé, co o} CH& from C]l+ labelled substrates. The-evolutiOn.of such
" metabolic products can then be measured by an appropriate beta-detector.
Both of these approaches are actively be}ng pursued in our laboratory.
Mr. Jerry Lundstrom, of our laboratory, is now making a detailed study of

menbrane properties and his results thus far are very promising.
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A number of other Tunctional 3dssays are also under consideration but,
‘or one reason or another, do not appear promising at the moment. These
.Include the important metabolic sequences involved in photosynthesis,
utilization of inorganic_substratcs, coupling reactions with DPN/DPNH,
cetalase and hydrogenase activity.
'He shalf now return to and report on the progress made in the develop-
ment of a sensitive assay for phosphatase activity. |
Phosphatase activity has.been given particular attention for the
following reasons: |
1. It is widesp;éad among terrestrial organisms.
2. It catalyses a wide range of reactions with moderate specificity.
. 3. 1t is involved with the unique role of pthphorus in metabolism‘
and energy transfer, which may very well be a universal charac-
“teristic of carbon-based aqueous living systems.

L, It is capable of being detected with relatively high sensitivity.

The occurrence of phosphataée activity in terrestrial soils has been
the object of a systematic study carried out in our laboratory by Dr.
Larry Hochstein. The assay technique used was the fluorescent produ;t
.Formation which will be discussed shortly. Dr. Hochstein screened & wide'l'
varictylbf soils from major climatic and géological regions, including
samples froh the Mojave Desert sands and Death Valley salt flats. These
soils were obtained from a variety of sources, including the Soil Survey

| Laborafory of the University of California, Berkeley. Some uncertainty
exists about the effect of soil‘handlfng after collection and no data is
available on this point. All samples,wére air-dried prior to their assay.

' WIfhout a single exception, all of the fifty=nine soil samples tested were
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Tound to possess measurable phosphatase activity. Of these, fifty-onc

(or &%) exhibited phosphatase activity when assayed at pH7.6, while 95%

showed activity'at pH 5.6. No correlation was found betwegn the appérent
pH of the soif, and the nature of its phosphatase activity. AII of these
activftics.could.be destroyed bybheating, or inhibited by certafn chemicdls,'
such as mercuric chloride. . In the case of mercuric chloride inhibition,
a reversal could be obtained by adding a sulfide. These obscrvations‘repre-
sent strong‘evidence for the'biological nature o% this phosphatase'activity‘
in soils, énd'for its ubiquity. | |

The'saurce'of these activities, thever, is a different métter.‘ Most
soii bacteria are tight19 bound to soil particles and no reliab]e viable -

count by a direct or indirect method could be made. Little is known about

the synergistic relationship and nutritional requirements of these organisms

and a wide and deep érea of investigation is open in‘tﬁis field. Wé are
unable to determine at this juncture whether the phosphatase activity of «
soils represents only a current bacterial population, or whether it includes
a substantial storage and preservation of active proteins from previous -
generations of oréanisms as well, There is good evideﬁce to suggest that

clay montmorillonites are able to obsorb, stabilize and protect proteins.

(ticLaren, A.D., Peterson, G.H., and Barshad, I. Soil Science 22: 239 (1958) ):

The reference soil, collected in the vicinity of the Stanford University
Medical Center, has'been used over a period of eighteen.months. During
that time the phosphatase activity of the saﬁble, stored in a closed jar
at room temperature, remained constant after a small initial decrease.
Thus, it is not unreasonable to hope that extraterrestrial surfaces mighf
also be able to preserve biological activity representing some of the past |

history of the soil.
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The synthetic substrate used for these agsays was alpha-naphthyl»
phosphate, which is commercially a;ailable; Alpha=-naphthyl phosphate does
- not fluoresce, but alkaline solutions of alpha-naphtéo] exhibit a marked
fluorescence peak at 460 mu, when activated with light at 336 mu. Because
of the short activating wave length, there often wss a considerable fluorescence
background due to soil coméonents. Quenching and stability problems in
addition.to marked physical adsorption of alpha=-nephthol by alkaline soils
in particular were overcome by appropriate controls in the laboratory but
w0u1d'become considerably more serious in extraterrestrial investigations}
‘In an attempt to improve the signal-to-noise ratio for these assays, Dr.
Ho;hstein obtained, through the courtesy of the Syntex institute, samples
of"methoxyl fluorescein phosphate and fluorescein diphosphate. These sub-
stances wefe'exhaustively purified by paper chromatography prior to use.
In the 'phosphate ester form, both of these substrates exhibited low fluor=~
escehcéi but their hydrolysis products'were strongly fluorescent at 520 mu;
when excited at %80 mu. Dr. Hochstein found that the relative stability of

the three substrates compared as follows:

pH 6 (Tris buffer)* pH 8

1,° ~ o4° 1° 212

'Alpha-naphthyl phosphate .Od]y . .007 Not detéctab]e .003
Methoxy]l fluorescein phosphate 308 ' .25 | .08 4 .33
Fluorescein diphosphate .01 - .01k 010 .025

- *Data obtained by fluorescence measurements, expressed in per cent hydrolysis
of substrate per hour.

It can be seen that alpha-naphthyl phosphate is the most stable of the

-three; and that methoxyl fluorescein is very unstable under the assay con-
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ditions used. The background fluorescence produced by fhesé substrates
corresponds to a hydrolysis rate produced in $n hour,lby the phosphatase |
activity of épproximately 105, 106 and 107 E. coli bacteria resﬁectivgly.

Thé alpﬁa naphthyl phosphate value does not include the soil -absorption fac-
‘tor nor the frequent nativé soil fluorescence, which tended to sighificaht]y
dccrcase‘the signal‘to noise ratio. Both the methoxyl f]uorescein'phosphéte ,
aend the leoréscéin diphosphaté were found to be q&ite unstable and had
Subsiantiallf]uorescence as the phosphate esters, perhaps due to slow
hydrolysis even'in'the solid form. iIn any case, whflé these substrate have

a very hign inherenﬁ sensitivity to phosphatase actiQity, the assay thfesh-i4

- olds correspond to many more bacteria than we have any right to expect to. "

find in 100 mgs. samples of extraterrestrial sojls.' A number of approaches

- are being examined in an effort to circumvent, if not to solve, these problems.

Among these are attempts to increase fluorescence yields, to localize thé
substrate on a gef in order to detect.local spots of intense fluorescence
“where soil particles have been deposited, then to activate and scan these
arcas with the flying~-spot device mentioned earlier.

A number of other fluorescent substrates are being screened, but
fluorescein still se;ms to be the most attractive possibility, if only one
could overcome the unstability of its phosphate esters. One possibility
has suggested itself and ought to offer a good chance of success. It is
the following:

There is a great deal of confusion in the literature on the compound

fluorescein. Actually two distinct compounds exist and together they

represent a redox pair. They are:
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Fluorescih CQOHIM 05 : , ' - Fluorescein CQOHIQ 95

The oxidised substance ‘in alkali is uranine, the structure which is the

“actual fluorescent hybrid:

The reduced form does not fluoresce, or fluoresces very weakly. It
is siowly oxidized to fluorescein in the presence of oxygen. We also have
preliminary data which suggests that light gnhances the rate of oxidation.
Fluorescin has been used as an assay substrate for catalase, oxidases and
peroxidases, in the presence of which it véry rapidly oxidized to fluorescein.
Fluore;giﬂ seems to have another advantage. Because its hydroxyl groups are
phenolic rather than quinoid tautomers; its phosphate esters ought to be
considerably more stable than those of fluorescein. Since fluorescin is
already mﬁch less fluorescent than fluorescein, the background fluorescencg

should be reduced to negligible levels. Hydrolysis of fluorescin diphosphate
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would yield fluorescin, which could then easily be converted to the ?ntcnsely

fiuorescén;‘specics. 0%, it could be used as a double assay, for Phosphqtaée

activity as well as for oxygen, oxidase or peroxidase activity. These later

activities have been universally associated with hemes and porphyrins and,

according fd Professér'Melvin»Calvjn‘s vfew, they méy'be ecarly components
oF a developing lite system. 1 had hoped at this meeting to either refute -
or conflrm our hopes based on this approach. GBut, as is usually the case; 3
it takes.considerably more time and effort in the laboratory, to translaﬁe

a paper concept ihto a working reality. This comment applies as well to

the wholc effort which is being generated in the quest for extraterrestrial
life. | —

But it is most certainly worth the try..

»

-




